57
The links between rheumatoid arthritis and periodontal disease.
58
RA and periodontitis display some pathogenic similarities, such as the host immune 
4
Multiple studies have shown an epidemiological association between periodontitis and RA 65 and these have been reviewed recently [6, 19, 20] . Inconsistent diagnosis of periodontal 66 disease may have led to an alternative conclusion in some studies [6, 21] 
77

Periodontal diseases 78
Periodontal diseases are complex polymicrobial conditions resulting from an imbalance 79 between the resident subgingival microbial communities, which grow as biofilms adhered to 80 the tooth and tissue surfaces, and host responses to them. In these dysbiotic diseases,
81
damage to the supporting tissues of the teeth occurs because the immune system fails to 82 control both the microbial communities and the local host immune response to them [24] .
83
The term, periodontal disease, describes a spectrum of inflammatory conditions. Gingivitis
84
is an inflammatory response to the accumulation of dental plaque at the gingival margin 85 ( Figure) . It is reversible and can be eradicated by maintaining good oral hygiene.
86
Conversely, the damage associated with periodontitis is irreversible; chronic inflammation 87 within the supporting tissues of the teeth ( Figure) 
131
The roles of host defences 132
Both innate and adaptive immune functions are important to the development of periodontitis.
133
It is beyond the scope of this review to discuss all immune contributions to the disease in 
153
Treponema denticola, Tannerella forsythia) manipulate the complement system, e.g. through 
186
Autoantibodies in RA and periodontal disease. 187
The importance in RA of autoantibodies against proteins that have undergone 188 post-translational modification (PTM) has been extensively reviewed recently [1] [2] [3] . Some 189 of these antibodies have also been observed in periodontal tissues and disease [26, 48] .
190
Citrullination, a PTM of arginine, is involved in the formation of hair, skin, myelin sheaths, in
191
NET formation and inflammation, and in cell death [1] . It is mediated by PAD enzymes, of 
243
Unlike human PADs, PPAD preferentially citrullinates terminal arginines and also free 244 arginine, and works best at the slightly alkaline pH that is optimal for P. gingivalis growth [72, 
270
There are conflicting data and opinions regarding the relationship of PPAD with RA.
271
Elevated PPAD activity in GCF was not clearly associated with RA even though P. gingivalis 272 detection in GCF was [75] . While one study found anti-PPAD antibodies were elevated in
273
RA sera compared with sera from controls [76], another found anti-PPAD antibodies did not 274 correlate with ACPA levels or RA disease activity and levels were decreased in RA patients 275 with PD [77] . Methodological differences have been suggested to account for this 276 discrepancy [85] . A recent study of RA patients on disease-modifying anti-rheumatic drug 
298
Thus, while the link between periodontitis and RA is established, the specific roles of P.
299
gingivalis or PPAD are less clear. This could partly be due to strain-to-strain differences, 300 although it is not yet known if there is any difference in the activity of PPAD from different P. 
307
Multiple mechanisms may be important 308
Periodontitis is a complex disease, mediated by consortia of co-operating bacteria and the 
333
While local responses are important, systemic influences on blood should be considered.
334
Peripheral blood neutrophils in patients with inflammatory diseases such as periodontitis and 
